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£54} Reinforced structural members 

(37} A channel-shaped section has a thin, locaJ re- 
inforcement shell (40,108) separated from the channel- 
shaped section (22,104) by a layer of structural foam 
(44). At !he reinforced section an arch geometry is uti- 
lized which oxtends in a direction opposite that of the 
force to which the member is subjected. The arch may 


be present as the channel-shaped member (22,104) 

Sir T 8nt Shfl " (40>108} or both »» ch *<™!- 
shapad member and the shell. A portion of the shell 

t * Tl «™™ts**P*d member and is 

attached thereto by welding or other means of attach- 

uT 0 ™lT?T mmmb * r ™Y be a article bumper 
{20} or a vehicle door side beam (1 02). for e 
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The present Invention relates generally to methods and apparatus for reinforcing structural members and, more 
specifically, relates to local reinforcement of channel-shaped sections subject to bending 

in a number of applications, particularly in the automotive industry, there is a need for light-weight, high-strength 
structural members. Although structural members having these characteristics can be readiry obtained trough Z 
use of various metal aitoy. such as titanium alloys and the like, lightweight, nigh-strength alloys are general cost 
pn*<bihre in automotive appiication. where we.ght reduction, are closely c^^againsTth. «£ ZZ^A^. 
over, rem orcement techniques are required which can be readily adapted to existing geometries of Tactual parts 
thereby slimming the need for fundamental design change, and providing a means by which subsSTdesign 
pe^rmance can be remedied. That is, in many instance, daatgn deficiencies are discovered after vehicle design hi 
reached the stag* at whfch radical changes are no longer feasible. ^ 


In addition, a sigwflcant amount of emphasis has been placed on the performance characteristics of channel- 
shaped structural components which encounter forces that produce banding. For example, many side impact beams 

aJ^^H^X^ piaS,iC , ,Cam dCaS • iBniflcant, y incr8a " ««tion stiffness (at least when high- 

density foams are utilized), this technique may also significantly increase mass and thus part waioht. which as stated 
20 ^^to^tappjcatione. in addition, fi^g a section entirely with foam car! ZSSS^S^^S. 
RnaUy a iargefaam core often creates an unwanted heat sink. And. although increasing the metal ^ugTofa seScn 
or adding localized metal reinforcements will increase stiffness, as the. metal thickness increases TblZ Z 
difficult to form the pan due to limitations of metal forming machines. ' 95 m0ra 

* hi^M^f^w^ approaches have been proposed for dealing with the problem of reinforcing channelled sections 
■ 5 s ^ ected to u band,n 9 « altamatives to high^ost alloys, thick-metal section, and large foam cores For exantlH 

side impact beam for a vehicle door has been proposed which comprises an open chamel-snaoed meta^mbar 
having a tang*** cavity which is fl«ed with a thermoset or thermopile nJ^S^^^^ 
the mtdspan of the beam. Th.core may include hollcwgkss microspheres in order to decrease density and Slight 
A reinforcement insert comprising a precast reinforcement has been proposed The reinforcements *™1 2 • I' 

• Plurality of pellets contain^ a thermoset resh and a blow^g agent ^p^r^S^^JS^i 
place m a structural member. A composite tubular door beam reinforced with a syntactic f cam *ooT , k^ed 

Tube-in-tube structures having high stiffness-to-mass ratios have also been proposed in which two nested tubes 
h^e a layer of foam disposed in the annuls between the tubes. A local reinforcement in the^rTcTa carnal 

member following which the resin is expanded. 

• . f ^ " W0UW be de5irafe,e 10 Pf0vide 3 tow * ost t8Chn, "^ fl f or reinforcing a channel-shaped section sub- 

lectsdlobend.ngwithoutsignificantiyincreasingthemass.ltwuld^ 

an existing channel-shaped section which ^ not require any func^entai design ^ 

rfanfJ^" 8XP8n5 1 e f6Sin3 - ^ pfBMn ' inVemton ' Urthaf pr0Vides a m6Ulod tor axisSgs ructura 9 

KL^JTTT" 9 LT e, !L 0 ' ^ PSn ' * haS bMn ,0und tha P~«« invention increases section 
stiffness and strength m channel-shaped sections in a highly efficient manner 

In one aspect the present invention provides a reinforced ehannel-shaped member havino a thin local reinforca 

axiends m a direction opposrte that of the force to which the member is subjected; that is the arch oroiacts hlS 
option of the compression face of the channel-shaped member. The arch riay be present »toc£E££ 
member, the rehforcaman, shell or both the channei-ehaped member and the shell A panio^JZ^tSf 
contacts m. channel^apad member and I. attached thereto by a spot weld or other m£n« of M*met £ 9 ^. 
S Qi J* "* — *• «-™ »«PP«« «* <oad. stabilizes the wails of the channa^^^S 

^tribute, force over a generalized area away from concentration points at the welds, in one aspecuhe reXcemTm 
shell and the structural foam are preferab V limited to no greater than about one third of trmtongthof ETSiEE 
sh^ed member and are disposed substantia^ at the mrdspan of channei^haped mernder t cna ieT t 
£7? L !!r n l 0 ' m * cftanne< - fta P» d ^ »~inar the shelf forms a cap on the exterior ^ 

lh. enamel-snap^ member The shall is preferably high-strength steal which altows lowing* steel to be used as 
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In still another aspect the present invention provides a method of reinforcing a structural part which includes she 
•tips of forming a layer of structural foam at a local reinforcement site in a channel-shaped structural member. A 
reinforcement shell Is placed at the midspan of the channel-shaped member and preferably extends no more than one- 
third the length of the channel-shaped member. The structural foam is placed on one surface of the shell which then 
contacts and bonds to the channel-shaped member. 

These and other advantages and objects of the present invention will now be more fully described with reference 
to the drawings. 

FIGURE 1 us a perspective viewof a reinforced bumper illustrating the position of an arched mid-span reinforcement 
shell 

FIGURE 2 is a cross section along lines 2-2 of FIGURE 1. 

FIGURE 3 is a cross-section of another errfoodimsnt of the present invention illustrating a D -shaped reinforcement 
shell disposed in the cavity of a hollow bumper section and separated form the bumper section by a layer of structural 
foam. 

FIGURE 4 is a cross-section of another embodiment of the present invention illustrating a reinforcement shell 
having a D -shaped configuration; the reinforcement shell Is disposed in the cavity of a hollow bumper section having 
a double arch with an intervening layer of structural foam. 

FIGURE 5 is a cross-section of another embodiment of the present invention illustrating a localized arch-shaped 
reinforcement disposed in the channel of a bumper section with an intervening layer of structural foam. 

FIGURE 6 Is a cross-section of another, embodiment of the present invention illustrating a D-shaped reinforcement 
shell disposed in a rectangular bumper section and separated by segmented regions of structural foam. 

FIGURE 7 is a cross -sect ion of another embodiment of the present invention illustrating a an arch-shaped bumper 
having a rectangular reinforcement shell disposed thereon as a cap with an intervening layer of structural foam. 

FIGURE 8 is a cross-section of a double-arch bumper section with an arch-shaped reinforcement cap. 

FIGURE 9 is a perspective view of a reinforced door beam Illustrating the position of a rectangular midspan rein- 
forcement shall. 

FIGURE 10 Is a cross-section along lines 10-10 of FIGURE 9. 

FIGURE 11 is a cross-section of another embodiment of the present inventton illustrating an arched door beam 
with an arched reinforcement shell with an intervening layer of structural foam. 

Referring now to Figure 1 of the drawings, reinforced automotive bumper 20 is shown having bumper section 22 
In the nature of longitudinal, channel-defining structure having a length substantially greater than its width. Each edge 
of vertical planar wall 24 is bounded by sides 26. Each side 26 has a flange 23 that extends over open channel 30. 
Wall 24 defines an exterior surface or compression face 32 and a channel-side face or interior surface 34. it will be 
appreciated by those skilled in the art that compression face 32 receives the impact in a collision and Is thus Ihe region 
at which banding is induced 

Positioned at the mid-span of bumper section 22, that Is, generally centrally located between ends 36 and 38, 
reinforcement shell assembly 40 is seen having arched reinforcement shell 42 and intervening foam layer 44. If the 
location of maximum deformation Is not at the central location, the reMorcement shell assembly will be appropriately 
off-center at the location of maximum deformation. Arched shell 42 has a pair of flanges 45 which overly and contact 
flanges 28 of bumper section 22. Arched shell has arch portion 46 which extends in the direction of wall 38 of bumper 
section 22. For the purposes of this application the terms 'arched* and 'arch* shall include not only a traditional U arch 
shape but aiso a D-shape, an example of which will be mora fully illustrated hereinafter. Arch is also intended to include 
M or V or W shapes. 

The structural member and the reinforcement shell may bt metal stampings or may be roll formed metal. 
Referring now to Figure 2 of the drawings, the relationship of arched shell subassembly 40 and bumper section 
22 is more cieariy shown. Arched shell has surface 48 which is in contact with and bonded to foam layer 44. Again, 
arch portion 46 of shell 42 extends in the direction of wall 38 and thus extends toward compression face 32 of bumper 
section 22. Foam layer 44 is also in contact with and bonded to face 34 of wail 38 as wall as to side wall inner surfaces 
SO, thereby attaching shell 42 rigidly to bumper section 22, forming a tri laminate construction. In addition, flanges 45 
are attached to flanges 28 by mig welds, although or means of attachment such as mechanical fasteners or ftigh- 
strengJh adhesive may be suitable m a particular application. 

The length V of arched shell subassembly 40 is preferably equal to or less Shan one third of the length V of 
bumper section 22. The width *W* of channel 52 defined by arch portion 46 of shell 42 is preferably at least 75% of 
width *W" of channel 30 of bumper section 22. The depth *D* of shell 42 which extends into channel 30 is preferably 
at least 75% of the depth *0" of channel 30. Bed-shaped, stilted arches or D-ihapes having a rise fD) to span {W) ratio 
of from about .5:1 ,0 to about 1 .0:1 .0 are most preferred 

As best illustrated in Figure 2 of the drawings, shall 42 is a relatively thin -auca metal compared to that of bumper 
section 22, The metal used to form shell 42 and section 22 will typically be steel or aluminum. For example DMorm 
140 steel between 0.8 and t .4 mm is particularly preferred for shell 42. (And note that while metal is preferred, other 
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>ay«r of adhes*. fc*n?44 which is bondage- ^if^tf ^VZ s^^^ " '^T^ 
shelf 4 2 to section 22. reinforced bumper 20 proves ma*imumt?,an^^^^ 

bucWmg. it is to be understood that foam layer 44 covers substantially al of surface 48 of shell 42. 

Foam 44 is preferably a resm-based material which incorporates hollow glass micme D h fl ». * 
With specific reference now to the composition of foam (ayeT^he density I t^nSSSZ ™S£ TT*' 
about 20 pounds per cubic feet to about 40 pounds per cubic feet to mrtmZ weTont "^.iS" P ? ! * ^ 
temperature and the temperature at which chemical breakdown ccSZust a^b.^2 S suct^ fZ 
^"maintain, it s structure at high temperatures typify encountered in pT^YnT^JT^e^ Z 
44 should be able to withstand temperatures in exc.se of 200 degree. C. aTprefe^^ £S 
times. Foam layer 4 has a thickness of preferabfy about 2 to 8 mm around the arch 9 C * fW M 

In one aartJeuIarfv arafarrsd amhnrfim.n* i 


— . «,,« »jr-i uifciuiBos oi preieracry aoout z to 8 mm around the arch 

In one particularfy preferred embodiment foam layar 44 includes a swrthatfe n«in 


together the following materials. A synthetic re SB1 comprises irom about 50 oercsnt to aha.* m . - - 

more preferabfy from about 60 percent to about 75 percent by ^^Z^^^Z^s 

microspheres comprises from about to to about 40 oereant bv w»inht mh ™™ t iTi ' Ulass 

> Pe-^-^ofthernixturaAb^^ 

preferabfy from about 2 to about 6 percent by weight of the mixture * ^ m ° re 

Layer 44 couid be initially applied in unexpended form to either, shell 42 or section 22 and then ,„,„ 
mtimate contact with the other member and thereby bonded to both member^ ™T<i7 SSL * «panded jnto 
expandable and the structurai member is a vebiciepart, use couldTe oven To SiL! 

the foam, without requiring a separate heating step. ° m ° expans,on of 

Various fillers (such as fumed silica, calcium carbonate, milled glass fiber and thoBomn 

and curing agents. preferably di-cyanamide. may also bo tt. cuS r^TSS ^ 30 

accelerator is typically from about 1 percent to about 3 oercent of the r«T^!w^[ functional amount of 

resin, microsphere, or flier. the amou**^^ rad ^ - 

percent of the resin weight with a corresponding reduction ^^n^^^J^^ 2 PafCBnt to abotJt 8 


INGREDIENT 

J PERCENTAGE BY WEIGHT 

FORMULA 1 


One Part 

Sisphenoi A Epoxy 

70% 


Nipol Liquid Rubber 

S% 


Di-cy Curative 

7% 


EfvM-24 Accelerator 

1% 


338 Microspheres 

14% 

FORMULA II ~ — 

Two Part j 

Resin Side 'A* 7 

Curative SkJe "B* 
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(continued) 


INGREDIENT 

PERCENTAGE BY WEIGHT 


FORMULA (I 


Epoxy Resin 

74% 

Aliphatic Amine 

65% 


Catogen Stowing Agent 

6% 

Thbtotropa 

8% 


Thbtotropa 

4% 

K20 Microspheres 

27% 


K20 Microspheres 

16% 




In addition to the structure illustrated in Figures 1 and 2 of the drawings, the present invention provides a number 
of other configurations which embody the inventive concepts ot the present invention as a motor vehicle bumper. More 
specifically, and referring now to Figure 3 of the drawings, structural member or main bumper section 54 is shown 
having flanges 56 that are welded to local reinforcement shell 58. Structural foam 60 is shown bonding shell SB In place 
in the channel defined by bumper section 54. In Figure 4, bumper MC*oa62 hae a double arch portion 64 having twin 
arches 66 and 68. Structural foam layer 70 is disposed in the channel defined by section 62 As with the structure 
described In Figure 4, shall 72 is D-shaped and is attached to flanges 74. In Figure 5, shell 76 having a stilted arch 
configuration is utilized in combination with a double arch main bumper section 78. Shell 76 has a pair of flanges 80 
that are attached to corresponding flanges 62 of bumper section 78. Figure 6 is a modification of the structure depicted 
in Figure 3, with the foam layer being segmented, i.e. provided as separate spaced linear rows or ribbon 84. 

Referring now to Figure 7 of the drawings, reinforcement shell 86 forms an external cap on bumper section SS. 
Bumper section 88 has the stilted arch configuration and is provided with, flanges 90 that are attached to ends 92 of 
shell 86. Foam layer 94 is seen in the channel defined by shell 86. In Figure 8, bumper section 94 has double arch 
structure 56 and Is separated from arched reinforcement shell or cap 98 by foam layer 100. 

In addition to reinforced bumpers, the present invention is useful in reinforcing door side beams. Referring now to 
Figure 9 of the drawings, door side Impact beam 102 is shown generally having beam section 104 defining arch 106. 
As seen in Figures 9 and 10, reinforcement cap or shell 108 is provided and is attached {preferably by spot welding) 
to beam section 104 at flanges 110 and 112. An intervening layer of foam is disposed between fewer surface 114 of 
cap 108 and outer surface 116 of beam 104. Alternatively, the cap and beam section could be reversed; mat is, part 
108 could be the beam and part 104 an internal cap. it is to be understood that this reversal could be achieved in all 
of the preferred designs, including those described in connection with the bumper. In Figure 11 of the drawings still 
another configuration is shown in which two complementary arches are nested one within the other. Fart 118 can form 
either the cap or the main beam body with part 120 forming the corresponding shell or beam. Foam 122 is shown 
disposed between parts 118 and 120 in the manner previously described. 

In still another aspect the present invention provides a method ot reinforcing a structural part which includes the 
steps of forming a layer of structural foam at a local reinforcement site in a channel-shaped structural member. A 
reinforcement shell is placed at the midspan of the channel-shaped member and preferably extends no more than one- 
third the length of the channel-shaped member. The structural foam is placed on one surface of the shell which then 
contacts and bonds to the channel-shaped member. 

While the invention has been described primarily in connection with vehicle parts, it is to be understood that the 
invention may be practiced as part of other products, such as aircrafts. ships, bicycles or virtually anything that requires 
energy for movement. Similarly, the invention may be used with stationary or static structures, such as buildings, to 
provide a rigid support when subjected to vibration such as from an earthquake or simply to provide a lightweight 
support for structures subjected to loads, Additionairy, while the invention has been described primarily with rasped 
to heat expandable foams and with respect to metal parts such as the structural member and shell, other materials 
can be used. For example, the foam could be any suitable known expandable foam which is chemically activated into 
expansion and forms a rigid structural foam. The shell could be made of materials other than metal such as various 
plastics cr pdymerie materials or various wood type fibrous materials having sufficient rigidity to function as a back 
drop or support for the foam. Where a heat expandable foam is used the support or backdrop should be able to withstand 
the heal encountered during the heat curing. Where other types ol foam materials are used, however, it is not necessary 
that the support member be able to withstand high temperatures. Instead, the basic requirement for the support member 
is that it have sufficient rigidity to function in its intended manner. It is also possible, tor example, to use as the shell 
materials which In themselves become rigid upon curing or further treatment. The invention may also be practiced 
where the structural member is made of materials other than metal it is preferred, however, that materials be selected 
lor the structural member and shell as well as the foam so that the thin unexpanded foam upon expansion farms a 
strong bond with these members so that a structural composition wilt result. 
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Claims 

1. A reinforced structural member (20;102), comprising, 

* a structural member (22;1Q4) defining a channel; 

a reinforcement shell <40;,0fl) having a tength (LJ lass than th. iangth (L') of said channel; 
said reinforcement shall and said structural member being interconnected- 

tural member and to said reinforcerrunt siaS^d ° am ^ bCncied t0 said sffiJC - 

said triiaminate region having an arch-shaped surface. 

^ 2, A reinforced structural member (20; 102), eomprisfrig; 

a structural member (22; 104) defining an open channel (30)* 

is positioned at a midspan of ^^^^^^rT,^^ "J"* *** ™">™m e nt ** 

and said reinforcement shall .vhich define, a tSSKSS saK «rT«Z struc5ural ™ mber 

said structural member and to said reinforcement™^ V * BUvCtUrai foam be "S ^on^d to 

said triiaminate region having an arch-shaped surface:' 

« 3- The recced structural member recited in claim i or 2. wherein «* re^cement shell * a^haped. 

4. The reinforced structural member recited in cialm 1 or 2. wherein said structural member is archied. 

5. The reinforced structural member recited in any of the precedino claims W h.»« „ w - , 

in said channel of said structural member. P S ™' W/larein ""nforeement shell « nested 

f 7, The reinforced structural member recited in anv of claim* 1 m e . 

surface defining channel and an exteriSs U rf a « an tZL Lit . "* atfUCtUrat mambe ' has *" Sartor 
reinforcement shell and said M*ZZZ a ' SmJCtUfa ' fMm fayar is *P« »>«"■••> *« 

8. The reinforced stnjcturai member recited in any of the crecedino claim* u*. • 

sitioned at the location of maximum deformation of sa^sTmcSi member rfl!n '° fCement sha » is P- 

9. The reinforced structural member recited in claim 1 «*„,.», ■ , 

10. The reinforced structural member recited in anv of the ora^i™ .t,,_ ^ ■ 

glass microspheres. y 010 prac6d,n 9 cIatm * **»•'•« *aid structural foam contains 

11. The recced struct 

12. The forced structural member recited in claims «rhere„ said structural member has a double arch shape. 

13. The reinforced structural member recited in anv of th. n «^«ws«« . 

thictotess of from about 2 to about 10 mm 9 " Mid 5ln/clUfal fayerhas a 

1 4. The reinforced structural member recited in a- v «* th» n««H; n o 

nMmm shell are metal stanza r Jtt^L ^ 9 ' ^ ^ *^«ural member and se.d 
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15. The reinforced structural member recrtBC in anyofthe preceding claims, wherein said reinforcement snail is formad 
of high-strength steel or aluminum. 

16. The rentoread structural member reeled in any of the preceding ciaims, wheretn said foam layer is a! least two 
s separata segments. 

17 The reinlorced structural member recited in any of the preceding claims, wherein said structural loam contains 
from SoTtB percent by weight polymer, from 10 to 30 percent by we.ght glass microspheres, from 3 to 1 0 percent 
by weight filler and from 2 to 8 percent by weight blowing agent 
W 18. The reinlorced structural member recited in any of the preceding claims, wherein said foam is expandable. 

19. The reinforced structural member recited in claim 18. wherein said foam is heat expandable. 
„ 20. The reinforced structural member recited in any of the preceding claims, wherein said structural member is a 
vehicle bumper. 

21. The reinforced structural member recited in any of the preceding claims, wherein said structural member Is a 
vehicle door side beam. 

20 

22. A method of reinforcing a structural member comprising; 

placing a reinforcement shall at generally the midspan of a channel-shaped member to be reinforced; causing 
an expandable structural foam disposed between the reinforcement shell and the channel-shaped member 
is to be expanded thereby bonding the reinforcement sheU to the channel-shaped member to create a trilaminar 

region having an arch shaped surface. 

23 A method as claimed in claim 22 wherein the expandable structural loam is provided on one or both of respective 
' surfaces of the channel shaped member and the reinforcement shell to be bonded together. 

M 24. The method of claim 22 or 23 further comprising nesting the reinforcement shell in the channel-shaped member. 

2S. The method of claim 22 or 23 further comprising mounting the reinforcement sheil outside of and around the 
channel-shaped member. 
31 26. The method of any of ciaims 22 to 23 wherein the structural member is a vehicle bumper. 

27. The method of any of claims 24 to 2S wherein the structural member is a vehicle door side beam. 
40 28. A method of reinforcing a structural member comprising: 

placing a reinforcement shell at generally the midspan of a channel shaped member and bonding it thereto 
with a structural foam to create a trilaminate region having an arch shaped surface. 

*s 25 The method of claim 28 wherein the structural foam is an expandable foam, and the foam bonds the ehannel- 
" shaped member and the reinforcement shed upon expansion of the foam. 

30, The method of claim 29 wherein the structural member is a vehicle part, and the foam is expanded by heat acti- 
vation, 

$6 

31. The method of ciarr, 3D wherein the -est activation occurs in a paint oven. 


ss 
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